Abstract
Introduction
The Japan Sea coastal region of the Japan Islands, especially Hokuriku district, is well known as one of the heaviest snow fall areas in the world.
The cold northwesterly from the Eurasian Continent is supplied with a large amount of sensible heat and water-vapor from the Japan Sea. MANABE (1957) analysed the modification of air mass over the Japan Sea by using the radiosonde observations around the Japan Sea.
The condensation of the water-vapor supplied from the Japan Sea results in the snowfall and the release of latent heat over the Japan Islands.
This phenomenon provides an interesting problem of budget analysis.
The special observations including radiosonde observations at Wajima, Toyama and Nagano were carried out by the Heavy Snow Storm Project during five days from Feb. 16th to Feb. 20th, 1962 over Hokuriku District. A synoptic analysis on the cold air outbreak in that period was made by MATSUMOTO et al. (1963) .
In the present paper, the budget of heat and water-vapor over the middle of the Japan Islands is analysed by using the radiosonde observations for the period mentioned above. where 0, q, V and w are potential temperature, mixing ratio, horizontal wind vector and vertical p-velocity respectively, and specific heat of air with constant pressure c p is 0.24 cal gr-i. °K-'.
Net heating Q' and increment of water-vapor M' in eqs.
(1) and (2) are in demension of cal. per unit mass per unit time and gr. kg-1. per unit time.
The total heating and net increment of water-vapor for a unit air column bounded by the earth's surface and an isobaric surface p are evaluated by the vertical integration of eqs. (1) and (2) where /50 is mean surface pressure of the area under consideration.
Of course, for the layer bounded by two isobaric surfaces p, and P2, eqs.
(1) and (2) are rewritten without difficulty as The flux divergences in eqs. (7), (8), (9), (10) and (11) are computed by where a is an arbitrary scalar quantity, S is the area enclosed by the circuit and v" is the wind velocity component normal to the line element ds of the circuit (outward positive).
Eqs. (12) and (13) are suitable for evaluating divergence in an arbitrary polygon.
For a triangular area eqs. (12) and (13) become where S is the area of the triangle, Li is the length of the side of the triangle and v,,1 or (av,) i are the mean value of v,, or av,, along the side Li. Net heating and net increment of water-vapor are evaluated at intervals of 100-mb with the formulae mentioned above by using the triangular networks of radiosonde observations shown in Fig. 1 . The areas of these triangles are presented in Table 1 to show the scale of network.
Budget of heat and water-vapor in large networks
In this section, the budget in large areas A, B, C, D and E, where the radiosonde observations are made at 12-hour intervals, are investigated.
Net heating and net increment of water vapor in the column between earth's surface and 600-mb surface are computed by using the eqs. (3) and (4) with Q' and M' calculated as discussed in the preceding section.
The comparison between the successive values of Q and M for each area makes it clear that the positive value of Q (heat gain) and negative one of Q (heat loss) are coincident with the negative value of M (condensation) and positive one of M (evaporation) in area A, B and C, and that this relation is not so remarkable in area E.
It is easily supposed that a considerable amout of heat and water-vapor is supplied from the sea surface, and therefore, the values of M and Q computed for the area E, a large part of which covers the ocean, can not be considered as resulting simply from the process in free atmosphere.
Thus, the net heating and net increment of vapor are divided into two parts,
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and Water-vapor Budget over Japan71 where Q1 and M1 show the effect of condensation (or evaporation) in the free atmosphere, Q2 and M2 the heat and vapor supplied from (or subtracted into) the water surface. Heating or cooling due to the long wave radiation, solar radiation and supply of heat and vapor from the ground surface are neglected in this study.
According to the formula after JACOBS (1951), the amount of heat and vapor supply from the sea surface is computed by the following equations,
where V, T", Ta, q,, and q, are surface wind speed in m sec-1, surface sea-water temperature, surface air temperature, saturated mixing-ratio of water-vapor for T" and mixing-ratio of the surface air in gr kg-1 respectively, the amount of heating and evaporation, Q1 and Ali, are in the unit of cal cm-2 day-1 and mm cm-2 day-1. Using similar formula, ITo (1960) showed the value of coefficients in eqs. (16) and (17) were appropriate in his investigation of air-mass modification over the Pacific near the Japan Islands.
Although formulae (16) and (17) are derived for a long time averaged situation, they are used to calculate the 12-hourly values of Q2 and M2 in this study.
The surface sea-water temperature to be used in eqs. (16) and (17) are obtained from the Ten-Day Marine Report issued by Japan Meteorological Agency. The observed materials in the north-eastern Japan Sea are extremely limited as compared to those in the Pacific, and consequently, the interpolation for the water temperature with the help of climatological data are inevitable in this region.
The mean value of heating and evaporation from the sea surface of the 5-days period are presented in Table 2 for various region.
In the coastal area of the Japan Sea, the difference between sea-water tempera .-ture and air temperature is rather small and the air is nearly saturated, and consequently, the supply of heat and water-vapor from the sea surface is rather small . On the other hand, in the coastal area of the Pacific, the supply from the sea surface is large in comparison with the Japan Sea area because water temperature is very high and the air is very dry.
The contribution of the supply from the sea surface to the air column, i.e. Q2 and M2 in eqs. (14) and (15) Fig. 2 shows the relation between Q1 and M1, which are calculated by using eqs. (14) and (15) . It is apparent that the positive value of Q1 (heating) and negative one (cooling) are coincident with the negative value of M1 (condensation) and positive one (evaporation from cloud particle) except that a considerable discrepancy is found in area D for Feb. 19th.
The heating and the increment of water-vapor at each level are compared.
The relation between the heating Q' evaluated by eq.
(1) and the heating due to the condensation M' evaluated by eq. (2), i.e. LM' (L =600 cal gr-1), are shown in Fig. 3 for each of the layers with a depth of 100 mb over the area A and B. The correlation coefficients for both of area A and B are as high as 0.70 and O. 65. Such a good coincidence is also found by YANAI (1961) in his analysis of typhoon formation and by SENSHU (1962) in his analysis of meso-scale disturbance.
However, the ratio I, of the heating due to the condensation LM' to the heating Q', the evaporation is about 12 hours, thus the liquid water content in the cloud layer is supposed to be the order of gr kg' or gr m-3. Small water droplets produced by condensation of water vapor do not always drop down as precipitation but remain in the atmosphere or move in and out of the area under consideration as liquid or solid water.
Under the general situation of monsoon development in winter cumulitype clouds usually develop over the Pacific, i.e. near the outflow boundary of area E, and hardly develop over the Japan Islands, i.e. near the inflow boundary.
Consequently, it might not be unreasonable to conclude that there exists divergence of liquid or solid water flux in the area E and that the amount of actually observed precipitation is less than the amount of calculated precipitation.
These matters were also discussed by KURIHARA (1959) in his budgets analysis over the U.S.A. in winter. Therefore, it is necessary to take the flux of solid or liquid water content into account to evaluate the amount of precipitation or evaporation from the surface appropriately in budget analysis.
Next, the magnitude of each term in eqs. (1) and (2) will be discussed. The equations in flux form are not appropriate for this purpose, because the three-dimensional divergence of potential temperature flux in eq. (1), for example, is rewritten as where V.170 and co a0 lap are much smaller than 01% V and 0 &p/ay), which are canceled with each other by the relation of continuity. Thus, instead of eqs. (1) and (2) , each term in the following equations in advective form is to be compared, The individual time changes of potential temperature and mixing ratio evaluated by eqs. (1) and (2) are not always equal to those by eqs. (22) and (23) in a finite differences between form. However the differences between them are shown to be negligibly small by MATSUMOTO and NINOMIYA (1963) . The ratio of the local time change to the advection, and the ratio of the horizontal advection to the vertical advection in eqs. (21) and (22) at various levels are presented in Table. 3. As seen in Table 3 , the local time changes are not essential in upper levels, and the vertical advection surpasses the horizontal advection at the levels higher than 700 mb.
Finally, mean distributions of heating and individual change of mixing ratio of water vapor for the investigated period are shown in Fig.  5 for various levels in the areas over land (i.e., A, B, C and D).
Fig. 5 is to be considered as the mean distributions of heating and condensation over the Japan Islands in winter. The maxima of both quantities appear at 850 mb, and they vanish at about 600 mb. In this respect, it is reasonable to take 600--mb level as an upper boundary for the integration of eqs. (3) and (4) .
Budget of heat and water vapor in a small area
The radiosonde observations at Wajirna, Toyama and Nagano which form the triangular area S in Fig. 1 were made at 00Z and 06Z in the investigated period, and the scale of this network is much smaller than that of the routine network used for analyses in the previous sections.
Let us discuss the budget of heat and water vapor in this area separately in this sectien.
Af first, the relations between the heating Q' calculated by eqs. (8) or (10) and the heating due to the condensation LM' calculated by eqs. (9) or (11) are shown in Fig. 6 . In accordance with the characteristic winter time bad weather of this locality, computation shows the convergence in lower levels, vertical motion, condensation and heating throughout the investigated period, and thus all points on the figure appear in the first quadrant.
As found in the previous section, the correlation between Q' and LM' are pretty large, and the correlation coefficient in this area is as high as 0. 88. The ratio A of L11/17 to Q' is O. 45, this is considerably larger than the ratio in the large area but still smaller than unity.
The scale of this network is one order smaller than that of the routine network, and on the other hand the magnitude of divergence or vertical velocity and therefore the individual changes of potential temperature or water-vapor calculated in this area are one order larger than those in the large area. The errors in numerical analysis in small scale network are found to be considerable except in lower levels (MATSUMOTO and NINOMIYA (1963) ) , and accordingly only the values at the levels lower than 700 mb are to be significant.
The vertical velocity at 800 mb, net heating and net condensation in a unit air column from the earth's surface to 700-mb, observed and calculated precipitations are shown in Fig. 7 . The correlations between heating and condensation, calculated precipitation and observed one are also remarkable in this small area.
At last, the magnitude of each term in eqs. (22) and (23) are compared in Table 4 .
Vertical eddy transport as an error source in budget analysis
The ratio A defined by eq., (20) , i.e. the ratio of heating due to the condensation to the heating calculated by heat budget, should be unity, if the evaluations are made properly.
The result of analysis, however, shows much smaller values than unity, i. e. 0. 45, 0. 41 and O. 33 for the area S, A and B respectively.
It is expected from these values that the ratio increases to unity when the area under consideration becomes smaller.
Similar fact is also discussed by MANABE (1957) in his analysis on the air mass modification over the Japan Sea.
He showed that the amount of sensible heat supplied from sea surface is about 1000 cal cm-2 day -1-when it is evaluated by using radiosonde observations, while it is only about 450 cal cm-2 day-' when evaluated by using Jacobs formula.
One of the causes for this discrepancy is supposed to be the neglection of vertical eddy transport.
For example, the last term on the left side of eq. (8) is rewritten as, where bar and prime denote the mean for the area and the deviation from it. In the calculation of w with eq. (7) , however, only J.) is obtainable, and the eddy terms as O'w' in eq. (24) are all neglected in the whole calculation.
As for the horizontal transport, we can calculate Ott or Ov directly using observed data, and the systematic relations between wind field and temperature or mixing-ratio field are not observed usually, therefore it is unnecessary to consider the horizontal eddy transport separately.
The matter will be discussed more easily by means of advective form as eqs. (22) and (23) It is apparent from eqs. (25), (26), (27), (28) and (29), that the neglection of eddy terms results in the overestimation of vertical advection of potential temperature and the underestimation of the vertical advection of mixing ratio in the area of mean ascending motion.
In accordance with the characteristic winter time bad weather of the Japan Sea coastal region of the Japan Islands, computation shows mean ascending motion, consequently, the ratio A of LM' to Q', defined by eq. (20), is smaller than unity. This supposition will be verified if the whole area is divided into several subareas and vertical velocity is calculated at each sub-area in budget analysis . Further discussion will be made in the future investigations.
6. Heat and vapor budget in relation to the synoptic weather situation In this section heat and water-vapor budget are briefly discussed in relation to the synoptic weather situation.
For the same period as is considered in this paper, a synoptic analysis on the cold air outbreak is investigated by MATSUMOTO et. al. (1963) .
The successive values of the vertical velocity at 700 mb levels during the investigated period are shown in Fig. 8 for various areas. The relation of vertical velocity to the contour field, such of ascending motion in front of the trough , is not so obvious during this period, but its relation to the temperature field is rather obvious.
The potential temperatures at 900, 700 and 500 mb levels during the same period are presented in Fig. 9 . It is apparent as seen in Fig. 8, 9 and 2 that the low temperatures at 500 mb are coincident with ascending motion, condensation and heating due to the latent heat, and the high temperatures at the same level are coincident, with descending motion, evaporation from cloud particles and cooling.
As for the static stability of the atmosphere, the time variation of potential temperature at lower levels is very small, as seen in Fig. 9 , in comparison with that in middle troposphere, consequently, the low and high temperature at 500 nib correspond to instability and stability in lower layer respectively.
In this respect, it might be reasonable to explain the relation of ascending motion to the low temperature in middle troposphere from the view point of the static stability.
Conclusion
The results obtained in the foregoing sections are summarized as follows.
(1) As the mean situation during the investigated period, the condensation and the heating due to the released latent heat are observed over the middle and northern part of the Japan Islands.
The maxima of these values appear at 850 mb and they vanish at about 600 mb.
(2) The high correlation between the release of the latent heat calculated by 80S.
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XIV No. 2 vapor budget and the heating estimated from heat budget is obtained, but the ratio of the former to the latter is much smaller than unity. The difference from unity is larger for the calculation in larger network.
The neglection of vertical eddy transport of heat and vapor is supposed to be one of the reason for this discrepancy.
(3) The agreement between the amounts of calculated precipitation and observed one is generally observed. Some discrepancies, however, are found exceptionally. The reason is supposed to be the neglection of transport in the form of liquid or solid-water content.
(4) Ascending and descending motion are always observed in colder and warmer regions in the middle troposphere during the investigated period.
